ABSTRACT Two experiments were conducted with male broilers to 1) establish a methodology for predicting effective caloric value (ECV), defined as dietary caloric density (CD) necessary for broilers to achieve specific BW and feed conversion ratio (FCR) combinations under standardized conditions and 2) quantify the ECV attributable to pellet quality (PQ), defined as the pellet to pellet fines ratio in the feeder. In experiment 1, chicks were reared to 56 d on diets varying in CD. Dietary caloric densities examined ranged from 2,650 to 3,250 kcal of ME n /kg. Pen BW, feed intake, and FCR were measured at 21, 42, and 56 d. On 42 and 56 d, carcass traits were measured. Increasing CD significantly enhanced BW, energy consumption, and FCR. Feed intake remained similar across the upper 3 CD treatments to 42 d. By d 56, feed consumption tended to decline as CD increased. Increasing CD beyond 3,066 kcal of ME n /kg diet did not increase lean tissue accretion, while fat deposition rose disproportionately. Experiment 1 results enabled devel-
INTRODUCTION
Numerous nonnutritive factors, such as those related to feed processing and general husbandry, are well documented throughout the literature to impact bird performance. For example, feed processing techniques such as pelleting have been touted for beneficial effects on poultry performance (Acar et al., 1991; Scheideler, 1995; Moritz et al., 2001) . Likewise, numerous managerialhusbandry decisions related to stocking density (Cravener et al., 1992; Puron et al., 1997) , lighting program (Buyse et al., 1996; Ingram et al., 2000) , and ventilation (Lott et al., 1998) affect BW and FCR. Although the precise mode of action by which such nonnutritive factors impact poultry performance is considered disjoint from nutrition in application, their use is critical to suc-2004 Poultry Science Association, Inc. Received for publication August 20, 2003 . Accepted for publication December 19, 2003. 1 To whom correspondence should be addressed: poultry@ okstate.edu.
1165 opment of equations whereby CD, hence ECV, might be predicted using BW and FCR. In experiment 2, 38-d-old broilers were used to evaluate PQ effects on growth, feed intake, FCR, and behavior in a 7-d FCR assay. The BW gain and FCR were significantly enhanced by pelleting and were positively correlated with PQ. Feed intake was not affected by PQ. The experiment 1 model was validated for experiment 2, as it closely estimated the CD for diets of similar PQ used in experiment 1. Results suggest pelleting contributes 187 kcal/kg of diet at 100% PQ and that the ECV declines curvilinearly as PQ falls. Birds were observed eating less and resting more as PQ increased, suggesting that ECV of pelleting is mediated by energy expenditure for activity. These studies provide a method for estimating ECV of nonnutritive factors that impact BW, FCR, or both. Further, the application reveals potential for creation of formulation "dead zones" whereby dietary changes to enhance CD may be offset due to reduced ECV. cessful poultry production. However, because growth rate and FCR are also related to nutrition, the traditional approach of separating nonnutritive factors that impact average daily gain and FCR from nutrition should be questioned.
Bird energy retention is the net result of energy inputs minus expenditures as excreta and heat. The importance of excreta energy to retention is reduced when inputs are measured as ME n . Although the basic precept of ration formulation programs is that ME n values are generally independent of, for example, bird sex and age, its use for retention is reduced when heat production is elevated. Bird heat production is influenced by many factors including ration composition and tissue type synthesized (MacLeod, 1997) , intermittent lighting (Ohtani and Leeson, 2000) , and activity, among others. Indeed, energy expenditure for activity is thought to be influenced by nonnutritive factors such as feed pro- Supplied per kilogram of diet: Ca, 160 mg; Zn, 100 mg; Mn, 120 mg; Fe, 75 mg; Cu, 10 mg; I, 2.5 mg.
cessing and lighting (Ohtani and Leeson, 2000) . Failure to account for variation in heat production, regardless of source, eventually has the net result of creating an uncertain ratio of ingested ME n calories available for tissue accretion to dietary protein and other nutrients. The amount of dietary ME n available to promote BW and FCR is hereby defined as the effective caloric value (ECV) of ME n . Under fixed experimental conditions, where nonnutritive factors impacting heat production are held constant, varying the calorie to protein ratio affects BW and FCR (Sizemore and Siegel, 1993; Leeson et al., 1996; MacLeod, 1997) . Conversely, one might anticipate that experimental variation of nonnutritive factors, with ration formulation held constant and BW or FCR changing, would be better expressed as a variant of ME n that more closely represents feeding value as ability to achieve a specified BW and FCR.
The improved BW and FCR performance associated with processed feeds is an example of a nonnutritive factor impacting the ECV of the diet fed. Such results are presumably attributable to either enhanced feed value or a reduced nutrient need by the animal, or both, whereby the net result is more efficient tissue accretion. Regarding this latter point, previous reports examining pelleting effects on energy digestibility indicate that either pelleting does not impact nutrient bioavailabililty (Bolton, 1960; Sibbald, 1977) or that the positive impact response upon nutrient bioavailabililty (Hussar and Robblee, 1962) is relatively small compared with bird response. Processing may also alter nutrient need of the bird by reducing energy expenditure associated with feed consumption . Though the true value of processing may be due to a combination of variables, methodology is desirable whereby the ECV of such nonnutritive alterations may be estimated and taken advantage of in other segments of the production cycle.
Nonnutritive factors encountered in the production enterprise, that are well known to impact BW and FCR, are generally not considered as variables (with exception of season and feed cost) directly influencing desired ration formula. This approach, however, is presumably attributable to a lack of methodology enabling value quantification. Nonetheless, the majority of poultry rations utilized today undergo some type of post-mixing processing, and production manuals (Cobb Vantress, 2003) contain many managerial-husbandry recommendations that impact BW and FCR in a manner that takes away or adds to consumed energy value. Methodology is needed to place caloric values on such relationships so that diets may be appropriately adjusted. Short of a net energy system development, this methodology should enable the general accounting of nonnutritive factor influence upon the ECV of ME n under standardized conditions. Therefore, studies were conducted to develop a generalized growth and FCR relationship with dietary ME n under standardized conditions and, further, to apply the methodology to examine the benefits and consequences of varying pellet quality as a nonnutritive variable. 
MATERIALS AND METHODS

General
Two studies were conducted, with the first directed at establishing mathematical relationships between dietary caloric density, expressed as ME n , with broiler growth and FCR under fixed managerial conditions. This enabled the prediction of ME n (expressed as ECV), from bird BW and FCR combinations as ECV. In the second study, the approach was used to estimate the ECV of diets with varying feed forms. Both studies utilized Cobb 500 male broilers that were obtained at hatching from a commercial hatchery. Floor pens were equipped with 2 cylinder-shaped gravity feeders, nipple drinkers, and used litter (wood shavings) that was topdressed with fresh litter. Stocking density in the floor pens was 40 birds per pen providing 0.03 m 3 of floor space per bird. Cages used for experiment 2 were elevated (1.2 m) and constructed of plastic-coated wire (46 × 60 × 60 cm). Birds were housed individually, and each cage was equipped with a stainless steel feeder and a nipple drinker. Unless stated, dietary nutrient concentrations met or exceeded those levels recommended by the National Research Council (1994), and feed and water were provided ad libitum.
Definition of Energy-Growth Relationships (Experiment 1)
Experiment 1 was designed to develop mathematical models describing relationships among caloric density (CD), BW, and FCR of broilers. Additionally, dietary CD influences on carcass weight, dry matter, specific gravity, and composition were examined. One-day-old Means within a row with different superscripts differ (P < 0.05). Calculated based on predictive equations proposed by Wiernusz et al. (1999). broilers (1,440 total) were allotted to 36 floors pens (40 birds/pen), which were sectioned into 9 blocks (based upon location within the floor pen house) of 4 pens per block. Experimental diets (Table 1) were formulated to 4 CD within each of the starter (0 to 21 d), grower (21 to 42 d), and finisher phases (42 to 56 d) while protein concentrations were adjusted to maintain a constant calorie:protein ratio across diets within feeding phases. Starter diets were fed as mash, while grower and finisher diets were pelleted. The dietary CD (ME n , kcal/kg of diet) examined are presented in Table 1 . Treatments were randomly assigned to pens within block, and pen BW, feed consumption, and FCR (g of feed/g of gain corrected for mortality by adding the BW of dead birds) were measured at 21, 42, and 56 d of age. Following 42 and 56 d of age, 2 and 3 birds, respectively, from each pen were randomly selected to determine dressing percentage, carcass specific gravity, abdominal fat weight, and breast weight (Belay and Teeter, 1994) . Carcass specific gravity and dry matter results were then applied to predictive equations proposed by Wiernusz et al. (1999) to estimated carcass fat, protein, and ash. 
Evaluation of Pellet Quality Influences (Experiment 2)
Experiment 2 was conducted to independently test experiment 1 methodology for ability to predict CD and to quantify PQ (defined as the ratio of pellets to pellet fines in the feeder) effects on growth, feed consumption, FCR, ECV, and activity of broilers. Broilers were reared to 31 d of age in floor pens on standard starter and grower diets, fed as mash (Skinner-Noble et al., 2002) . On d 31, 192 broilers were transferred to cages and adapted for 7 d to cages and pellet treatments to be tested . Subsequently, feeders were emptied and fresh treatments added. The BW gain, feed consumption, and FCR were measured from 38 to 45 d of age. Treatments were derived from a pelleted diet ( Table 2 ) that was screened (0.3-cm sieve). Ration samples were collected for protein (N × 6.25) and carbon analysis.
2 For each feeder, resultant pellet fines were reblended with the pellets to form the designated pellet:fines ratio. Treatments were: 100) 100% pellets; 80) 80% pellets:20% pellet fines; 60) 60% pellets:40% pellet fines; 40) 40% pellets:60% pellet fines; and 20) 20% pellets:80% pellet fines. Unprocessed mash (M) was included as a treatment to serve as a negative control representing unprocessed feeds. During the experiment, scan sample behavior observations (Skinner-Noble et al., 2001 , 2003 were conducted to quantify PQ effects on ingestive and resting behaviors. Birds were observed at 1000 and 1400 h on 3 different days of the 7-d FCR test. During these observations, the observer passed by each cage 10 times within 45 min. At the conclusion of the experiment, all remaining feed in each feeder was sieved and the actual consumption of pellets and pellet fines was estimated by difference such that any potential preferential consumption of pellets or pellet fines could be identified. The experiment 1 model was used to transform the second study BW and FCR responses, attributable to PQ, into ECV.
Data Analyses
For the studies, pen (experiment 1) and cage (experiment 2) served as the experimental units. Data were analyzed using General Linear Models of SAS (2000), with probability values of P < 0.05 considered significant. Actual P-values are noted and not considered significant if 0.05 < P < 0.10. When a significant F-statistic was detected, least square means were used for treatment comparisons. Experiment 1 was designed and analyzed as a randomized complete block with pen location within house serving as the blocking factor. Multiple regression coefficients for predicting dietary CD (experiment 1) were as follows: 1) BW and feed consumption were regressed upon bird age to enable prediction of these values for each day of the study; 2) daily weight gain and feed consumption were computed as the difference between day x and day x+1 ; 3) daily FCR was computed; 4) bird daily performance values (BW, FCR) were regressed upon CD. The resulting regression equations predicted CD from BW and FCR. Model selection was based on forward stepwise regression (Neter et al., 1990) . Factors were added to the regression model until 3 conditions were met: 1) adding factors to the model did not result in a substantial (R 2 improvement < 2%) increase in the model R 2 ; 2) all factors in the model were significant at P ≤ 0.10; and 3) the resulting model matched known properties of the independent variables (e.g., BW increases cubically, whereas FCR increases quadratically). Experiment 2 was designed and analyzed as a completely randomized experimental design. Experiment 1 equation predicting CD from BW and FCR was applied to PQ data in order that the ECV attributable to PQ might be estimated for each replicate. Treatment means were separated as described for experiment 1.
RESULTS AND DISCUSSION
Experiment 1: Definition of Energy-Growth Relationships
The CD effects on BW, feed and energy consumption, and FCR (total feed/BW) are shown in Table 3 . Results of CD effects on carcass traits are presented in Table 4 .
Each CD increase resulted in greater (P < 0.02) 21-and 42-d BW. Though increasing CD continued to result in greater 56-d BW, only the upper (treatments C and D) and lower (treatment A and B) pairs of CD treatments differed (P < 0.05). Increasing the CD of the diet also resulted in prominent FCR differences (P < 0.001). At both 42 and 56 d of age, FCR was reduced with each CD increase. Feed consumption remained similar across treatments B, C, and D through 42 d of age. At that point, only birds fed the lowest CD responded by increasing (P < 0.01) feed intake. By d 56, feed consumption for birds fed treatment B did not differ (P < 0.06) from treatment A birds. Also, there was a prevalent feed intake decline as diet CD increased. This response supports the dogma that birds eat to fulfill energy need (Rice and Botsford, 1956; Moreng and Avens, 1985) . Such a governing effect however, was less notable at higher CD, as energy consumption increased quadratically (P < 0.001) with CD. Birds fed treatment C consumed similar total energy (0 to 56 d) compared with birds fed treatments A (P < 0.07) and B (P < 0.07). Moreover, birds fed the diet with 3,250 kcal ME n / kg of diet (treatment D) had similar (P < 0.09) energy intakes as birds fed treatment C.
Increasing CD positively influenced both BW and FCR. However, attention must also be given to the final sellable product. Assuming that fat is a product of minimal value compared with lean tissue, increasing CD would only be of benefit if lean mass also increased. Such was the case as CD increased from 2,700 to 3,066 kcal ME n /kg diet. Feeding treatment C resulted in greater (P < 0.01) carcass weights, dressing percentages, breast mass, and carcass protein, compared with the lowest CD treatment, with intermediate responses observed for treatment B. Though abdominal fat appeared to increase with CD, carcass fat was similar for treatments A, B, and C. Fate of energy consumed shifted, however, when CD exceeded 3,066 kcal ME n /kg, as providing additional energy failed to result in greater breast percent, breast mass, or carcass protein. At that point, lean tissue accretion plateaued. Conversely, feeding the diet with 3,250 kcal ME n /kg diet resulted in disproportionate increases of abdominal fat and carcass lipid. The observed plateau of lean tissue accretion as CD increased suggests that if adequate nutrients are available, maximal lean tissue accretion is genetically predetermined. Nonetheless, increasing CD resulted in heavier, more efficient, birds even though gains for the highest CD were principally fat. The data indicate that providing energy in excess to that required for lean tissue accretion will improve FCR, but does so without elevation in sellable lean mass. Consequently, the improved FCR presumably occurs as a dilution of maintenance energy needs in proportion to energy consumption and not water content associated with lean accretion.
The negative impact of increasing BW on FCR was apparent, and was presumably the result of increasing energy need for maintenance and lipid deposition as BW increases. Therefore, the influence of CD on FCR is not disjoint from BW. Hence, BW and CD were collec- This regression model was used to predict effective caloric value from BW and FCR. †P < 0.10; *P < 0.05; **P < 0.01.
tively used in modeling FCR. Resulting regression equations are presented in Table 5 . Linear, quadratic, and interactive combinations of BW and FCR were regressed on CD to create equations enabling CD prediction. The best equations utilized interactive BW and FCR components. The selected regression equations demonstrating the interrelationships among CD, BW, and FCR are illustrated as 3-dimensional plots (Figures 1 and 2) . In Figure  1 , FCR is expressed cumulatively (CFCR) based on predicted cumulative feed consumption and BW relationships throughout the experiment. The second approach ( Figure 2 ) created a more dynamic model by expressing BW and CD values in relation to FCR utilizing predicted daily feed intake / predicted daily BW gain (DFCR).
FIGURE 1.
Relationships among body weight, conventionally calculated feed conversion ratio (CFCR), and dietary energy. CFCR = predicted daily body weight/predicted total feed consumption.
Though both approaches have acceptable R 2 (0.88 to 0.98), it is anticipated that equations based upon daily values will more accurately estimate CD values in settings where only segments of the growth curve are utilized, as in experiment 2. For that reason, values obtained from DFCR values will be used hereafter.
Experiment 2: Evaluation of Pellet Quality Influences
Results will be discussed first as PQ effects on broiler feed consumption, BW gain, and FCR (feed intake/ weight gain; Table 6 ). Secondly, results will be discussed as PQ caloric consequences on ECV (Table 7, Figure 3) FIGURE 2. Relationships among body weight and feed conversion ratio calculated on a daily basis (DFCR) and dietary energy. DFCR = predicted daily weight gain/predicted daily feed consumption.
as modeled from experiment 1, and PQ effects on broiler behavior (Table 6, Figure 3) .
Neither pelleting nor PQ significantly impacted feed consumption (Table 6 ; P = 0.5). There was a numerical elevation in feed intake for birds that were fed pelleted treatments, compared with M, which agrees with other studies (Choi et al., 1986; Nir and Hillel, 1995) . Though feed consumption did not appear to be associated with PQ, birds did selectively consume pellets over pellet fines in some treatments. For example, birds offered a combination of 80% pellets and 20% pellet fines consumed (on average) 87% pellets and 13% pellet fines. This preferential consumption of pellets over pellet fines was dependent upon the ratio of pellets to pellet fines in the feeder. As the proportion of pellet fines increased and pellets decreased, either the preference for pellets or the ability to select pellets diminished and was not Means within a row with no common superscript differ (P < 0.05).
1
Defined as the proportion (%) of pellets to post pellet fines.
2 Treatments: 100 = 100% pellets, 0% fines; 80 = 80% pellets, 20% fines; 60 = 60% pellets, 40% pellet; 20 = 20% pellets, 80% pellet; M = unprocessed mash. Pellets consumed = ((initial pellets offered − pellets remaining)/feed consumption) × 100. 4 Eating or Resting frequency = times specific activity was observed/10 observations. Other behaviors recorded but not presented include drinking, standing, walking, pecking, and preening. present for birds fed 20% pellets. At that point, birds consumed the pellet:fines ratio provided.
When pellet treatments (from 20 to 80% pellets) were pooled and compared with M, pelleting increased (P < 0.01) BW gain 6% and improved (P < 0.05) FCR by 5%. The birds that received 100% pellets were excluded from the comparison to avoid inflating pelleting effects with a practically unattainable PQ. Other comparisons made between pellets and M have resulted in similar BW gain and FCR (Choi et al., 1986; Nir and Hillel, 1995; Plavnik et al., 1997) improvements.
The treatments influenced weight gain (P < 0.001) and FCR (P < 0.01; Table 6 ). Responses to PQ appeared to be biphasic with an intermediate plateau in the 40 to 60% PQ range (Figure 3 ). This finding suggests there is little need to improve PQ above 40%, unless it will also be in excess of 60%. Birds, however, will selectively FIGURE 3. Pelleting and pellet quality effects on diet caloric value and broiler activity. Resting frequency = number of times resting was observed per 10 observations; pellet quality value = the proportion of pellets to pellet fines with M representing unprocessed mash. consume pellets if possible. As a consequence, the proportion of pellets and pellet fines consumed could vary markedly from bird to bird. At the onset of the experiment, we asked the question, at what pellet quality (if any) are growth performance benefits of pelleting lost? In other words, if a certain pellet quality is not achieved, is there any bird-related advantage of pelleting as compared with feeding mash? Statistically, these data indicate that at 40% PQ and above, pelleting results in enhanced BW gain (P < 0.05) and FCR (P < 0.07), compared with a diet fed as M.
From experiment 1, using CFCR in the model resulted in an equation better predicting diet CD (Table 5 ; P < 0.0001; R 2 = 0.98) compared with DFCR values (P < 0.0001; R 2 = 0.88). However, experiment 2 was conducted for a relatively short interval at the latter stages of the growth curve. As such, using CFCR would dilute PQ effects. Therefore, daily values (DFCR) were used to increase the precision of estimating ECV for PQ. Across all experiment 1 diets, the proportion of pellets to pellet fines in the feeder averaged 50%. This average value was used to test the CD predictive equation derived from experiment 1 for applicability in experiment 2. This test involved predicting the CD of the average of the 40 and 60% pellet quality diets from experiment 2 to simulate the 50% ± 10% PQ of experiment 1 diets. The model predicted 3,225 kcal ME n / kg diet, which exactly matched the calculated energy concentration of the diet (3,225 kcal ME n ). Consequently, the CD predictive equation was accepted as a methodology for estimating the ECV associated with PQ in experiment 2 because of this confirmation from independent experiments. As such, experiment 2 BW and DFCR were transformed into CD and then examined as deviations from the M to produce an estimate of the kcal ME n /kg added to the M via pelleting.
The ECV of pelleting and pellet quality are presented in Figure 3 . As PQ increases, the apparent ECV of the diet becomes greater. Energy sparing attributable to pelleting peaked at 187 kcal ME n /kg feed consumed for the 100% PQ treatment. The estimated energy sparing values diminish as the proportion of pellets to fines decreases, but still appears greater than zero for the 20% pellets (76 kcal ME n /kg diet; Table 7 ).
Considering proposed modes of action suggests that as pellet quality increases, either the bird expends less energy for consumption or the bioavailabililty of nutrients or energy increases. Regarding the latter, previous reports examining pelleting effects on energy digestibility indicate that pelleting does not impact nutrient bioavailabililty (Bolton, 1960; Hussar and Robblee, 1962; Sibbald, 1977) . In support of pelleted feeds modulating bird energy expenditure, Jensen et al. (1962) observed that birds provided pellets visited the feeder less frequently and for less time, compared with birds provided mash, although they consumed similar amounts of feed. Behavioral observations from the current study (Table  6 , Figure 3) concur. As the proportion of pellets in the feeder increased, birds were observed eating less frequently (P < 0.001) and resting more frequently (P < 0.001). Interestingly, plotting bird resting frequency and calories attributable to PQ on the same graph resulted in curves of very similar shapes. Given that feed intake did not differ across treatments, and that as pellet quality increased birds spent less time eating, the concept and pellet quality (%) (ME n /kg) (%) (ME n /kg) (ME n /kg) (ME n /kg) 0 2,977  90  183  3,160  -1  3,014  82  173  3,187  27  2  3,049  78  165  3,214  27  3  3,084  71  149  3,233  19  4  3,120  68  140  3,260  27  5  3,157  49  103  3,260  0   1 Based upon data reported by Richardson and Day (1976) .
2 Energy attributable to fat inclusion minus energy lost due to pellet degradation.
that BW gain and FCR differences are associated with altered nutrient need via decreased energy expenditure for obtaining food is thusly supported. A consequence of reducing energy costs associated with the activity of feed consumption by pelleting or increasing PQ would allow the diverting of calories to tissue accretion Reddy et al., 1962) . Credence for this proposed mechanism is the supporting evidence that the M and pellet rations were similar for carbon (P = 0.5) and nitrogen content (P = 0.3) suggesting that treatment differences, attributable to blending, would indeed be due to feed form. Final quality of the processed feed is the result of numerous factors influencing the feed form actually presented to the bird for consumption. With pelleted feeds, it is the percentage of intact pellets at the feeder, not at the feed mill, that determines processing efficacy. Fundamentally, pellet integrity is affected by diet formulation, plant operation, and feed handling during transport and delivery (Behnke, 1996) . Of these, diet formulation is paramount. The ingredients used and their inclusion levels markedly influence the overall pellet integrity of the final product (Richardson and Day, 1976; Briggs et al., 1999) . As such, interactions between ration composition and pellet quality may have counteractive effects with respect to bird performance. Though increasing dietary fat positively impacts feed efficiency (Leeson et al., 1996) , when fat is added prior to pelleting it also reduces pellet quality (Richardson and Day, 1976 , Behnke, 1996 , Briggs et al., 1999 .
Producers may face the expense of increasing CD by fat supplementation only to have it partially negated by feed form deterioration prior to bird consumption. Under circumstances where low quality fats are utilized, fat addition could eliminate the ECV. Formulation dead zones are possible, whereby the addition of fat does not result in the addition of calories due to pellet quality degradation. To ascertain the net caloric value (energy attributable to fat inclusion minus energy lost due to pellet degradation) of fat-fortified pelleted diets, both the caloric gain attributable to fat supplementation and the ECV (Table 8) of altered pellet quality must be considered.
Ideally, decisions regarding diet formula for broiler production settings would be interactive with the numerous managerial decisions impacting the nutrient and energy input/output balance. As noted from the studies reported herein, elevating CD enhances energy intake, tissue accretion, and FCR. However, the CD response does not necessarily improve lean tissue production. Though FCR improved with CD, it can do so via elevated lipid accretion independently of lean tissue. Consequently, the desired carcass composition should be first defined and birds fed to that outcome, rather than FCR. Similar to CD changes, nonnutritive factor manipulations, such as alteration in PQ, impact BW gain and FCR. The data suggest that the PQ differences on bird performance are strongly related to a reduced bird activity with results approaching an ECV of 187 kcal of ME n / kg of diet. As a consequence, formula alterations should be coupled with their impact on PQ so that the ECV value is optimized. Indeed, the impact of such factors may occur independently of caloric value, measured as ME n , and their takes away or adds to impact on activity energy expenditures divergently impact BW and FCR. Application of the ECV equations provided estimates for the nonnutritive variable impact examined herein. In conclusion, ECV offers the opportunity to place quantitative energy value upon nonnutritive factors influencing broiler production efficiency.
